More than two decades ago, we studied heavy-flavor-conserving weak decays of heavy baryons within the framework that incorporates both heavy-quark and chiral symmetries. In view of the first observation of Ξ 
b π − in the MIT bag and diquark models are consistent with experiment. The major theoretical uncertainty stems from the evaluation of baryon matrix elements. The branching fraction of Ξ c → Λ c π is predicted to be of order 10 −4 . It is suppressed relative to B(Ξ b → Λ b π) owing to the shorter lifetime of Ξ c relative to Ξ b and the destructive nonspectator W -exchange contribution. The kinematically accessible weak decays of the sextet heavy baryon Ω Q are Ω Q → Ξ Q π. Due to the absence of the B 6 − B3 transition in the heavy quark limit and the B 6 − B 6 transition in the model calculations, Ω Q → Ξ Q π vanish in the heavy quark limit.
I. INTRODUCTION
Recently LHCb has measured for the first time the heavy-flavor-conserving and strangenesschanging weak decay Ξ More than two decades ago, we studied heavy-flavor-conserving weak decays of heavy baryons within the framework that incorporates both heavy-quark and chiral symmetries [2] . Our motivation was as follows. Unlike hadronic weak decays of heavy mesons, a rigorous and reliable approach for describing the nonleptonic decays of heavy baryons does not exist. Nevertheless, there is a special class of weak decays of heavy baryons that can be studied in a more trustworthy way, namely, heavy-flavor-conserving nonleptonic decays. Examples are the singly Cabibbo-suppressed decays Ξ Q → Λ Q π and Ω Q → Ξ Q π. 1 The idea is simple: In these decays, only the light quarks inside the heavy baryon will participate in weak interactions; that is, while the two light quarks undergo weak transitions, the heavy quark behaves as a "spectator". (An additional nonspectator contribution to the charmed baryon decay will be discussed shortly below.) As the emitted light mesons are soft, the ∆S = 1 weak interactions among light quarks can be handled by the well known short-distance effective Hamiltonian. This special class of weak decays can usually be tackled more reliably than the conventional heavy baryon weak decays. The synthesis of the heavy quark and chiral symmetries [3, 4] provides a natural setting for investigating these reactions [2] . The weak decays Ξ Q → Λ Q π with Q = c, b were also studied in [5] [6] [7] [8] .
The combined symmetries of heavy and light quarks severely restrict the weak interactions allowed. In the symmetry limit, it was found in [2] that B3 − B 6 and B * 6 − B 6 nonleptonic weak transitions cannot occur, where B3 and B 6 are antitriplet and sextet heavy baryons, respectively, and B * 6 the spin-3/2 heavy baryon field. Symmetries alone permit three types of transitions: B3−B3, B 6 − B 6 and B * 6 − B * 6 transitions. However, in both the MIT bag and diquark models, only B3 − B3 transitions have nonzero amplitudes.
For heavy-flavor-conserving decays of charmed baryons such as Ξ 0 c → Λ + c π − and Ξ + c → Λ + c π 0 , there is an additional contribution arising from the W -exchange diagram cs → dc which is absent in the bottom-baryon sector. Hence, Ξ c → Λ c π can proceed through W -exchange which is a nonspectator effect. It is known that W -exchange plays a dramatic role in charmed baryon decays as it is not subject to helicity and color suppression [9] .
In our original paper [2] , we did not provide numerical predictions for bottom baryons such as Ξ b → Λ b π since Λ b was the only bottom baryon that had been studied then. In this work we would like to revisit heavy-flavor-conserving decays of both charmed and bottom baryons and present updated predictions.
This work is organized as follows. In Sec. II we set up the formalism suitable for analyzing the heavy-flavor-conserving decays of heavy baryons. Some model calculations are presented in Sec. III. Sec. IV gives our conclusion and discussions. Appendix A is devoted to the MIT bag model evaluation of baryon matrix elements.
II. FORMALISM
The effective ∆S = 1 weak Hamiltonian at the scale µ = m c reads [10] 2
and the four-quark operators are given by
2)
We shall use c 1 = 1.216 and c 2 = −0.415 obtained at the scale µ = m c and in the naive dimensional regularization scheme with Λ (4) MS = 325 MeV [10] . As pointed out in [6] , there is an additional "nonspectator" W -exchange contribution to heavy-flavor-conserving decays of charmed baryons governed bỹ
3)
The general |∆S| = 1 effective weak chiral Lagrangian responsible for heavy-flavor-conserving hadornic weak decays of heavy baryons is given by [2] 
where λ 6 is one of the SU(3) generators 5) and the pseudoscalar meson field is described by the ξ term
The full effective ∆S = 1 Hamiltonian at µ < m c is given by [10] 
with τ = −(V with f π = 132 MeV and
The antisymmetric antitriplet B3 and symmetric sextet B 6 in Eq. (2.9) are dictated by the matrices
for bottom and charmed baryons, respectively. The combined symmetries of heavy quark and chiral symmetries severely restrict the weak transitions allowed. We have shown in [2] that h 3 = 0 and h 2 = −h 4 ≡ h ′ in the symmetry limit. As a consequence,
with h ≡ h 1 . Hence, there cannot be B3 − B 6 and B * 6 − B 6 weak transitions in the heavy quark limit. Symmetries alone permit only three types of transitions: B3 − B3, B 6 − B 6 and B * 6 − B * 6 transitions. The heavy quark symmetry predicts that the couplings h and h ′ are independent of heavy quark masses. Furthermore, it was pointed out in [2] that h ′ vanishes in the MIT-bag-model and diquark-model calculations. The general amplitude for B i → B f + P is given by
where A and B are the S-and P -wave amplitudes, respectively. In the heavy quark limit, the diquark of the antitriplet baryon B3 is a scalar diquark with J P = 0 + , while diquark of the B 6 is an axial-vector diquark with J P = 1 + . Therefore, the weak diquark transition is 0 + → 0 + + 0 − for B3 → B3 + P and 1 + → 1 + + 0 − for B 6 → B 6 + P . Based on the conservation of angular momentum, it is easily seen that the parity-conserving P -wave amplitude vanishes in B3 → B3 + P decays, but not so in B 6 → B 6 + P decays. The general amplitude consists of factorizable and nonfactorizable ones
While the factorizable amplitude vanishes in the soft meson limit, the nonfactorizable is not. We consider the latter amplitude first and take Ξ − b → Λ 0 b π − as an example. The S-wave parity-violating amplitude can be evaluated using the chiral Lagrangian or current algebra. We find from the chiral Lagrangian Eq. (2.9) that 12) and hence the S-wave amplitude
For the short-distance effective Hamiltonian (2.1), one can use current algebra to evaluate the S-wave amplitude. The soft pion relation leads to
Therefore, the S-wave amplitude reads
in agreement with Eq. (2.13) derived from the chiral Lagrangian. The P -wave amplitude of the B3 → B3 + P decay vanishes in the heavy quark limit. The parityconserving pole diagrams vanish due to the vanishing B3B3π coupling and B 6 − B3 weak transition in heavy quark limit. In [2] we have considered possible contributions to the P -wave amplitude arising from Ξ Q and Ξ ′ Q mixing. However, this is only one of many possible 1/m Q corrections. For reason of consistency, we should work in the heavy quark limit.
Due to the absence of the B 6 − B3 transition in the heavy quark limit and B 6 − B 6 and B * 6 − B * 6 transitions in the model calculations, it is easily seen that there is no nonfactorizable contribution to Ω Q → Ξ Q π.
There are factorizable contributions which vanish in the soft meson limit
In terms of the form factors defined by
we obtain
Since the form factor g ΛcΞc 1 vanishes in the heavy quark limit [3] , only the S-wave amplitude receives a factorizable contribution
Likewise,
Heavy-flavor-conserving decays of charmed baryons receive additional non-spectator Wexchange contribution from Eq. (2.3):
To proceed, we write
To sum up, the S-wave amplitudes of heavy-flavor-conserving decays of heavy baryons read
In terms of the amplitude given in Eq. (2.10), the decay rate of B i → B f + P is given by 26) with p c being the c.m. three-momentum in the rest frame of B i . As noticed in passing, the P -wave amplitudes of interest vanish in the heavy quark limit.
III. MODEL CALCULATIONS
The four-quark matrix element Λ + c |H PC eff |Ξ + c was evaluated in [2] using two different models: the MIT bag model [11] and the diquark model [12] . We first consider the bag model evaluation. The baryon matrix elements X and Y defined in Eq. (2.24) are obtained from Appendix A to be
with
where u(r) and v(r) are the large and small components of the quark wave function, respectively, given in Eq. (A3). In the bag model the form factors have the expression [2] f
Numerically,
where we have employed the following bag parameters
For the evaluation of the baryon matrix elements in the diquark model, we notice that through the Fierz identify (see Eq. (100) of [13] )
with q c being the charge conjugate quark field, the operator O − = (du)(ūs)−(ūu)(ds) can be recast to a local diquark-current form [14] 
where (us)3 ≡ ǫ ijkū c j (1 − γ 5 )s k with i, j, k, l being the color indices is a color-antitriplet scalar and pseudoscalar diquark. Note there is no color-sextet diquark-current contribution to O − . In terms of the diquark currents, the expression of O − has a simple interpretation: It annihilates a scalar or pseudoscalar (us) diquark in the initial baryon and creates a scalar or pseudoscalar (du) diquark in the final baryon. Following [12] to define the diquark decay constant
for a 0 + scalar diquark and applying the vacuum insertion approximation, we obtain 9) where m di is the diquark mass. We shall follow [12] to use 10) which is practically scale independent. As for the diquark mass, we choose [2] 
with the constituent charm quark mass ∼ 1.5 GeV.
There is an alternative approach for the evaluation of X. As shown in [6] , this baryon matrix element can be related to the matrix elements x and y defined by 12) which in turn can be extracted from the lifetime differences of charmed baryons. For details, see Refs. [6, 7] . Likewise, for the baryon matrix element Y we have 
In the heavy quark limit, the charmed baryon is a bound state of the c quark and the diquark (qq ′ ). Hence, the diquark model is not suitable for estimating the matrix element Y . With the measured lifetimes and masses of heavy baryons (see Table I ), the predicted branching fractions of heavy-flavor-conserving charmed and bottom baryon decays are summarized in Table  II calculated The branching fraction of Ξ c → Λ c π is predicted to be of order 10 −4 . Although its S-wave amplitude is of similar size as that of Ξ b → Λ b π (see Table II ), its rate is smaller owing to the shorter lifetime of Ξ c relative to Ξ b . Moreover, Γ(Ξ c → Λ c π) is suppressed by the W -exchange contribution.
In this work we did not calculate Ω Q → Ξ Q π rates as they vanish in the heavy quark limit. Some crude estimates given in [8] Finally, it is worth remarking that, analogous to the heavy-flavor-conserving nonleptonic weak decays discussed in this work, there is a special class of weak radiative decays in which heavy flavor is conserved, for example, Ξ Q → Λ Q γ and Ω Q → Ξ Q γ. However, the dynamics of these radiative decays is more complicated than that of their counterpart in nonleptonic weak decays, e.g., Ξ Q → Λ Q π. In any event, it merits an investigation. 
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